Electronic Version 
Stylesheet Version vl.1.1 

Description 

METHOD FOR IMAGE REVERSAL OF 
IMPLANT RESIST USING A SINGLE 
PHOTOLITHOGRAPHY EXPOSURE AND 
STRUCTURES FORMED THEREBY 

Cross Reference to Related Applications 

[0001] This application is a divisional application of U.S. Serial 
No. 10/604,009, filed June 20, 2003, the contents of 
which are incorporated by reference herein in their en- 
tirety. 

Background of Invention 

[0002] The present invention relates generally to semiconductor 
device manufacturing and, more particularly, to a method 
for image reversal of implant resist using a single pho- 
tolithography exposure and structures formed thereby. 

[0003] The manufacturing of semiconductor devices is dependent 
upon the accurate replication of computer aided design 
(CAD) generated patterns onto the surface of a device 



substrate. The replication process is typically performed 
using lithographic processes, followed by a variety of sub- 
tractive (etch) and additive (deposition) processes. More 
particularly, a photolithography process typically includes 
applying a layer of a photoresist material (i.e., a material 
that will react when exposed to light), and then selectively 
exposing portions of the photoresist to light or other ion- 
izing radiation (e.g., ultraviolet, electron beams, X-rays, 
etc.), thereby changing the solubility of portions of the 
material. The resist is then developed by washing it with a 
basic developer solution, such as tetramethylammonium 
hydroxide (TMAH), thereby removing the non-irradiated 
(in a negative resist) or irradiated (in a positive resist) por- 
tions of the resist layer. 
[0004] | n t he fabrication of complementary metal oxide semicon- 
ductor (CMOS) devices, several implant masks are used to 
form appropriate source and drain areas on the chip. For 
p-type and n-type CMOS devices (e.g., NFETs, PFETs), 
some of these patterns are complementary; that is, the 
pattern used for creating the p-type devices is the reverse 
of the pattern used for creating the n-type devices. More 
specifically, two separate masks are used in CMOS device 
processing in which either a positive or negative resist is 



used to carry out two separate, complementary masking 
and implanting steps. For example, a first implant pattern 
is formed by creating a first patterned (positive or nega- 
tive) photoresist layer over a substrate. A first ion implan- 
tation step is used to implant the exposed areas of the 
substrate with a first dopant material (e.g., a p-type ma- 
terial). Subsequently, the first patterned layer is stripped 
and a second patterned resist (of the same tone as the 
first resist) is used to expose the complementary regions 
of the substrate regions in order to carry out the comple- 
mentary implantation with a second dopant material (e.g., 
an n-type material). 
[0005] However, as devices become even more miniaturized over 
time, the conventional methods for complementary device 
implantation are more susceptible to alignment errors as 
a result of the separate masking steps. Such alignment er- 
rors would limit the density and performance of the re- 
sulting devices. These alignment errors may include rota- 
tion errors, translation errors, overlap errors, and/or im- 
age size deviations. In turn, the possibility of incurring 
one or more of these errors results in the increase of the 
overall device error placement budget, thereby reducing 
valuable chip real estate that would otherwise be used for 



additional devices. 

[0006] An image reversal process is another known technique 
used in CMOS device processing, in which a combination 
of positive and negative resists is used for such steps as 
gate/line patterning or contact hole patterning. In one ap- 
proach, a positive photoresist layer formed over a sub- 
strate is patterned to create an opening for a gate pattern 
or a line pattern. Subsequently, a negative resist is formed 
over the irradiated positive photoresist, including the 
formed opening. Then, the negative resist is recessed 
such that it remains only in the area defined by the open- 
ing formed in the positive resist layer, while the remaining 
positive resist is removed. The remaining hardened nega- 
tive resist defines the location for the gate or line pattern. 

[0007] Although this type of image reversal process may be used 
to form certain types of semiconductor structures, it is not 
particularly suited for the type of complementary implant 
regions discussed above, due to intermixing between 
negative and positive photoresists during apply. The in- 
termixing will cause deformation of the underlying first 
resist pattern, impacting linewidth control and causing 
residual resist defects. Moreover, even if this approach 
were able to be adapted for complementary device im- 



plantation, there are still two separate lithography steps 
needed in accomplishing the image reversal. Another ex- 
isting approach is to utilize spun-on glass (SOG) over 
photoresist for image reversal purposes. However, SOG is 
an oxide material that is typically removed using harsh 
solvents such as dilute HF or buffered HF, and which in 
turn tends to cause damage to the other oxide layers on 
the device substrate. 
[0008] Unfortunately, a significant part of the cost of an inte- 
grated circuit chip is contained in the lithography pro- 
cesses used to pattern these implant mask levels. As such, 
it would be desirable to be able to implement image re- 
versing for applications such as CMOS device implanta- 
tion, but without the added lithography step used hereto- 
fore (or the added risk of device damage in removing SOG) 
to accomplish the image reversal. 
Summary of Invention 

[0009] The foregoing discussed drawbacks and deficiencies of 
the prior art are overcome or alleviated by a method for 
image reversal in semiconductor processing. In an exem- 
plary embodiment, the method includes forming a first 
implant mask layer upon a semiconductor substrate and 
forming a patterned photoresist layer over the first im- 



plant mask layer. Portions of the first implant mask layer 
not covered by the patterned photoresist layer are re- 
moved so as to expose non-patterned portions of the 
substrate. The photoresist layer is then removed, and a 
second implant mask layer is formed over the non- 
patterned portions of the substrate, wherein the first im- 
plant mask layer has an etch selectivity with respect to the 
second implant mask layer. The remaining portions of the 
first implant mask layer are removed to expose a reverse 
image of the substrate, including initially patterned por- 
tions of the substrate. 
[0010] | n another aspect, a method for implementing image re- 
versal for semiconductor device implantation includes 
forming a first implant mask layer upon a semiconductor 
substrate and forming a patterned photoresist layer over 
the first implant mask. Portions of the first implant mask 
layer not covered by the patterned photoresist layer are 
removed so as to expose non-patterned portions of the 
substrate. The photoresist layer is removed, and the ex- 
posed, non-patterned portions of the substrate are sub- 
jected to a first implantation. A second implant mask layer 
is then formed over the non-patterned portions of the 
substrate, wherein the first implant mask layer has an etch 



selectivity with respect to the second implant mask layer. 
The remaining portions of the first implant mask layer are 
removed to expose a reverse image of the substrate, in- 
cluding initially patterned portions of the substrate. The 
exposed initially patterned portions of the substrate are 
then subjected to a second implantation. 
[° 011 ] In still another aspect, a semiconductor device has a first 
implant region having a first conductivity type and a sec- 
ond implant region having a second conductivity type, 
wherein the first and said second implant regions are self- 
aligned with respect to one another. 
Brief Description of Drawings 

[0012] Referring to the exemplary drawings wherein like ele- 
ments are numbered alike in the several Figures: 

[0013] Figures 1(a)- 1(h) illustrate a method for image reversal of 
an implant resist, in accordance with an embodiment of 
the invention; and 

[0014] Figures 2(a)-2(d) illustrates examples of semiconductor 
devices with complementary implant regions having one 
or more alignment errors associated therewith; and 

[0015] Figures 3(a) and 3(b) illustrate a semiconductor device 
having self-aligned, complementary implant regions 
formed using the methods of Figure l(a)-l(h), in accor- 



dance with a further embodiment of the invention. 
Detailed Description 

[0016] Disclosed herein is a non-lithographic process used to re- 
verse the tone of an implant pattern formed on a semi- 
conductor substrate, thereby allowing a single lithography 
exposure to serve as a template for two different implant 
masking steps. This process, in turn, may be utilized to 
form semiconductor devices (such as CMOS devices) hav- 
ing self-aligned, complementary implant regions that al- 
low for tighter alignment tolerances and greater chip real 
estate savings. 

[0017] Referring generally to Figures l(a)-l(h), there is shown a 
method for image reversal in semiconductor processing, 
in accordance with an embodiment of the invention. In 
particular, Figure 1(a) illustrates a semiconductor sub- 
strate 100, such as silicon. It will be noted that the sub- 
strate 100 is intended to include other features (not 
shown for purposes of clarity), such as a shallow trench 
isolation region (STI), silicon-on-insulator (SOI), SiGe 
structures, and the like. The substrate 100 is coated with 
an optional etch stop layer (e.g., a thin layer of organic 
antireflective coating (ARC)) 102 thereupon, followed by a 
first implant mask layer 104 (e.g., of silicon ARC (Si-ARC), 



which is commercially available, for example, from Shin- 
Etsu). Additional details regarding Si-ARC may be found in 
U.S. Patent Application serial number 10/124,087, filed 
April 16, 2002 (and assigned to the assignee of the 
present application), the contents of which are incorpo- 
rated herein by reference in their entirety. 
[0018] The first implant mask layer 104 is chosen to be thick 
enough and to have sufficient stopping power to stop a 
subsequent implant from entering the substrate 100. 
Suitable materials for the first implant mask layer 104 
should have good selectivity (i.e., a higher etch rate) rela- 
tive to an overlying resist layer and the underlying etch 
stop layer 102. Etch processes for the implant mask layer 
104, such as fluorine or fluorine/oxygen mixture plasmas, 
tend to damage the substrate surface. Therefore, the etch 
stop layer 102 is provided directly on the substrate sur- 
face 100 to provide protection for the substrate surface 
during the etch of the implant mask layer (e.g., Si-ARC) 
104. 

[0019] During the patterned etch of the first implant mask layer 
104, the etch stop layer 102 should etch at a significantly 
slower rate than the first implant mask layer 104. Thus, 
one suitable etch stop layer 102 may be an organic poly- 



mer like the deep ultraviolet (DUV) ARC, such as those 
made available from Brewer Science or Shipley. For exam- 
ple, an organic ARC for 193 nanometer (nm) lithography, 
such as that supplied by Shipley, would be applied at a 
thickness in the range of from about 40 nm to about 100 
nm, depending on the thickness of the overlying implant 
mask layer 104 and the selectivity of the etch process. In 
this embodiment, Si-ARC is a suitable implant mask layer 
material, which may be applied at a thickness of about 
150 nm to about 400 nm, and more preferably at about 
190 nm. 

[0020] Then, a photoresist layer, which may include any resist 

that has a good etch rate relative to the first implant mask 
layer 104 (e.g., the Si-ARC layer in the illustrated embodi- 
ment), is applied over the first mask implant layer 104 us- 
ing standard post-apply and post-expose bakes as rec- 
ommended by the supplier. The thickness of the resist 
layer 106 is preferably in the range of about 50-300 nm, 
and more preferably from about 120-160 nm. Thereafter, 
the resist layer is lithographically patterned and exposed. 
The remaining patterned resist 106 is shown in Figure 
Ka). 

[0021] Next, as illustrated in Figure 1(b), the exposed areas of 



the implant mask (e.g., Si-ARC) layer 104 are removed 
through etching in a plasma reactive ion etch (RIE), such 
as, but not limited to, a fluorine plasma or fluorine/oxy- 
gen plasma, as well known in the art. The selectivity of the 
etch of the first implant mask layer 104 relative to the 
patterned resist layer 106 is high, wherein (for example) 
only about 20 nm of resist 106 is consumed while the ex- 
posed areas of the implant mask layer 104 is preferably 
completely consumed. If the optional organic ARC layer 
102 is used, then the etch is terminated thereupon so as 
to avoid damage to the substrate 100. The organic ARC 
layer 102 may then be removed with a brief RIE process, 
for example using mixtures of oxygen, argon, nitrogen, or 
more preferably during which the remaining resist 
layer 106 over the patterned etch stop layer 102 (e.g., Si- 
ARC) may also be removed. 
[0022] At this point, the patterned substrate 100 is ready for a 
first implantation process. Thus, for example, in CMOS 
device processing, a dopant material(s) (e.g., arsenic, 
boron, phosphorous, etc.) may be implanted by standard 
techniques. An angled implant may be performed at some 
angle with respect to the substrate surface or, as shown in 
Figure 1(c), the implant may be orthogonal to the sub- 



strate 100. This results in a first implant region 107, as il- 
lustrated in Figure 1(d). 
[0023] Once the first implant region 107 is complete, the sub- 
strate 100 is then ready for the image reversal process, 
which will allow a second implant to be performed for the 
complementary substrate areas previously protected by 
the first implant mask (e.g., Si-ARC) layer 104. Prior 
thereto, the first implant mask Si-ARC layer 104 (and any 
remaining resist material thereon) may be ultraviolet (UV) 
hardened. As shown in Figure 1(d), a second implant mask 
layer 108 is applied over the substrate. The second im- 
plant mask layer 108 may be a polyimide that is compati- 
ble with CMP processing and has a low etch rate relative 
to the first implant mask layer 104. Other suitable materi- 
als for the second implant mask layer 108 include organic 
ARC materials, such as the ARC used for the etch stop 
layer 102. Such an organic film may be spin applied to the 
substrate and over the existing patterned first implant 
mask layer 104, and may further be thermally cross- 
linked so as to harden the second implant mask layer 108 
for subsequent chemical mechanical polishing (CMP) pro- 
cesses. 

[0024] The second implant mask layer (e.g., an organic film layer) 



108, is preferably applied to cover the first implant mask 
layer 104, for example at a thickness in the range of 
about 200 to about 450 nm. After the spin on application, 
the organic layer 108 is thermally cured by baking and is 
thereby cross-linked. Then, as shown in Figure 1(e), the 
excess portions of second implant mask layer (e.g., the 
cross-linked organic layer) 108 are removed (by CMP, for 
example) so as to expose the top surface of the first im- 
plant mask (e.g., Si-ARC) layer 104. 
[0025] | n Figure 1(f), the initially patterned Si-ARC layer 104 is 
then removed using the same or similar fluorine plasma 
RIE process used in removing the unpatterned Si-ARC ar- 
eas, using a RIE process that etches the first implant mask 
layer 104 preferably to the second implant mask (e.g., or- 
ganic film) layer 108, thereby leaving most of the organic 
ARC film layer 108 in place. For example, after polishing 
and etching, there may be about 100-350 nm of the sec- 
ond implant mask layer 108 (e.g., organic ARC) remaining 
on the bulk of the substrate surface. For example, in Fig- 
ure 1(g), the exposed protective etch stop layer (e.g., or- 
ganic ARC) 102 has been removed with an oxygen RIE, as 
in the initial implant process described above. At this 
point, there may be about 50-300 nm of the second im- 



plant mask layer (e.g., organic ARC) remaining to serve as 
a mask for the complementary implant, which forms the 
second implant region 109, as also illustrated in Figure 
1(g). The second implant region 109 may be different 
from the first implant region 107. Finally, as shown in 
Figure 1(h), the remaining organic ARC mask layer 108 is 
stripped, leaving the substrate 100 with the completed, 
complementary dopant implant regions 107, 109. 
[0026] For N-well and P-well structures, relatively deeper im- 
plants are required, for example, up to about 1-2 mi- 
crons, so that the thicknesses for the etch stop 102, the 
first implant mask 104, and the resist layer 106 would be 
thicker in order to block the deeper implants in regions 
where implants are not desired. The second implant mask 
layer 108 would also be correspondingly thicker for such 
structures. 

[0027] Depending on the particular application of the single 

lithography image reversal process, other materials may 
be substituted and/or omitted for one or more of the pro- 
cess steps described above. For example, if the desired 
implant patterns are all relatively narrow (e.g., having a 
height to width aspect ratio of about 2:1 or more), it 
might be possible to avoid a CMP step and use a resist 



develop process to remove the second organic ARC mask- 
ing layer 108 from the top of the first implant mask 104 
Si-ARC patterns. This is possible because for high aspect 
ratio features, the spin-on layer 108 would tend to be 
thinner on top of the high aspect ratio features 104 than 
within the gaps. For example, a developable ARC could be 
applied to the substrate to form the second implant 
masking layer 108, and could be removed from the top of 
the first implant mask layer 104 by a developer solution, 
as illustrated in Figure 1(e). 

[0028] | n addition to Si-ARC, it is also contemplated that other 
hard mask materials (such as silicon oxide, SOG, silicon 
nitride, SiGe oxide/nitride, at about 100 nm in thickness) 
may be substituted for the first implant mask layer 104. 
Generally, however, such materials are somewhat less de- 
sirable due to a lower etch selectivity with respect to resist 
and ARC materials. 

[0029] Furthermore, in addition to reducing the cost associated 
with an additional lithography step, the present image re- 
versal process may be used to form self-aligned masks 
and thus self-aligned semiconductor devices with com- 
plementary implant regions. Figures 2(a)-2(e) illustrate 
examples of devices featuring butted junctions (i.e., adja- 



cently disposed n-well and p-well regions) having one or 
more alignment errors associated therewith. For example, 
Figures 2(a) and 2(b) are a top view and side cross- 
sectional view, respectively, of a conventionally formed 
device 200 wherein an N+ region 202 and P+ region 204 
overlap one another at region 206. This misalignment has 
the undesired effect of lowering the device breakdown 
voltage. 

[0030] Figure 2(c) illustrates an alignment rotation error with re- 
spect to N+ region 202 and P+ region 204, while Figure 
2(d) illustrates an alignment translation error in addition 
to an overlap error. Still another example is shown in Fig- 
ure 2(e), which illustrates an image size deviation of the 
P+ region 204, as well as translation and overlap errors. 

[0031] Accordingly, Figures 3(a) and 3(b) illustrate an exemplary 
semiconductor device 300 having self-aligned, comple- 
mentary implant regions, in accordance with a further as- 
pect of the present invention. As can be seen, the use of 
the image reversal process described above allows for a 
tightly controlled offset between different implant re- 
gions, which has the desired effect of controlling the 
breakdown voltage of the device 300, especially for butted 
junction devices. This in turn reduces the overall error 



placement budget, saving additional valuable chip real es- 
tate for additional devices. 
[0032] while the invention has been described with reference to a 
preferred embodiment or embodiments, it will be under- 
stood by those skilled in the art that various changes may 
be made and equivalents may be substituted for elements 
thereof without departing from the scope of the invention. 
In addition, many modifications may be made to adapt a 
particular situation or material to the teachings of the in- 
vention without departing from the essential scope 
thereof. Therefore, it is intended that the invention not be 
limited to the particular embodiment disclosed as the best 
mode contemplated for carrying out this invention, but 
that the invention will include all embodiments falling 
within the scope of the appended claims. 



